It is well known [1] that the excess of the so called critical rate of crystal growth, V cr , during directed crystallization of a binary melt leads to the situation that the initially smooth interface between the liquid and solid phases turn into a cellular surface. This transformation of the interphase boundary is associ ated with the concentration overcooling (CO) of the melt; as a result, the plane intersurface becomes unsta ble. Based on simple arguments, one can easily derive a formula for the crystallization rate V c at which a CO zone arises in the melt [2]:
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(1) Here, k is the equilibrium distribution coefficient of the impurity, G is the temperature gradient near the interphase boundary, D is the diffusion coefficient of the impurity in the melt, m is the slope of the liquidus line in the diagram of state of the given binary system, and C ∞ is the impurity concentration in the melt at a considerable distance from the interphase boundary.
At one time, the rates V cr and V c were identified with each other. However, the analysis of the stability of a plane front with regard to the surface tension of the melt on the interface with the crystal has shown [3] that there exists an interval of solidification rates V c ≤ V ≤ V cr when both the CO exists and the plane front is stable. According to the estimates of [4] , this interval can be significant. The distinctive feature of drawing a crystal from the melt with a rate within these limits is the fact that, in the initial transient process, the growth
rate of the crystal exhibits nonmonotonic behavior and, in particular, may exhibit damped oscillations. The question of the reason why these oscillations arise is the subject of the present study.
Let us apply the one dimensional time dependent model of solidification [4] , which differs from the sim plest model [2] only in that it does not use the assump tion of stationarity. If a crystal that is in equilibrium with its melt is pulled to a cold zone with velocity W, then the melt layer adjoining the crystal starts to solid ify, or, as is usually said, the crystal starts to grow. It must be noted that the term "crystal drawing" is used here only for simplicity; by this term is meant any method of directed crystallization. This may be, for example, sequential application of electric current to individual sections of the heater, which results in crys tal growth without any mechanical motion.
Due to the gradual accumulation of impurities on the interphase boundary (k < 1), the solidification rate reaches its steady state value W during a certain tran sient process rather than immediately. Since the rate of heat removal from the front is much greater than the impurity removal rate and the diffusion rate in the solid phase is less than that in the liquid phase, in the absence of convection, the time dependence of the crystal growth rate V(t) in the transient process is actu ally determined by the time and coordinate depen dence of the impurity concentration C(x, t) in the melt. Thus, within the simplest model, the problem of solidification of a binary melt reduces to a pure diffu sion problem. Abstract-The cause of oscillations of the crystallization rate of a binary melt that arise in the initial transient process and have been revealed earlier in numerical experiments is investigated theoretically. Within a simple time dependent model of directed crystallization, the problem of impurity diffusion in the melt from which a crystal is drawn at constant rate is solved in a linear approximation. It is shown that, under certain condi tions, the solution represents a superposition of two concentration waves, a traveling and a standing wave. The concept of a characteristic distance of directed crystallization of a binary melt is introduced. It is established that the nonmonotonic behavior of the crystallization rate during the initial transient process, in particular, its damped oscillations, is attributed to the accumulation of impurities in the melt that is excessive with respect to its distribution in the stationary regime. Impurities in the melt are accumulated excessively when the characteristic distance of directed crystallization starts to exceed the characteristic diffusion length of the impurity in the melt.
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Using a system of coordinates fixed to the interface and passing to dimensionless variables, (2) we can formulate the problem of impurity diffusion in a crystallizing melt as [4] (3) (4) (5) (6) where (7) Here indices x and t denote partial derivatives of con centration with respect to the coordinate and time, respectively. Equation (3) describes the impurity diffu sion in a melt that approaches a fixed boundary with velocity V(t). Relation (4) is the impurity balance con dition on the crystallization front. Formula (5) implies that the velocity of the front depends on both the crys tal drawing rate and impurity variation rate on the interface.
Comparing formulas (1) and (7), we can notice that B = V c /W. Hence, the coefficient B can be considered as a characterization of the degree of CO of the melt. By the way, the condition B < 1 is nothing else but the CO criterion, which is well known in the theory and practice of crystal growth from a melt.
Problem (3)- (6) is nonlinear; however, for a prac tically important case of large values of time, it can be linearized by setting (8) where e -x is the impurity distribution that is estab lished in the melt upon reaching the steady state crys tallization regime and Ӷ e -x . Substituting (8)
into the system of equations (3)- (6) and retaining only the first order terms, we arrive at the problem (9) (10) (11) (12) which is rather easily solved by the Laplace transform method. The correspondence between the original and its transform can be represented as F (x, t) f (x, p) , where (13) (14) p is the parameter of the Laplace transform, Expanding the function f(x, p) into partial fractions and passing to the original by the tables [5], we obtain an exact solution to problem (9)-(12) in the form of a sum of 17 terms that include a set of additional func tions of 8 different arguments. Since this expression completely lacks clarity, it is suitable only for con structing graphs.
At the point x = 0, the solution is simplified, and the addition to the crystallization rate [6] takes a suffi ciently compact form due to time differentiation: Parameters of some return points on the phase trajectories C 10 (-C 1x0 ) for k = 0 n is the number of a point; B n and t n are, respectively, the values of the coefficient B and time t at which the nth return point appears; ΔB n = B n -B n + 1 ; and Δt n = t n + 1 -t n .
